Fifteen cases of primary sacral pathology were analyzed. High-resolution computed tomography was found to be the most accurate means of studying these cases. Certain anatomic changes involving the central canal and sacral foramina were found to be helpful in determining the type of pathology. Although conventional plain films , radionuclide bone scans, and myelography were useful in certain cases, computed tomography was found to be the procedure of choice in the workup of sacral problems
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Materials and Methods
The computed tomographic (CT) scans of 15 patients with sacral abnormalities were analyzed. All scans were obtain ed in the supine position with no angulation of th e table or gantry . Thirteen of the 1 5 patients were exam in ed using the Pfizer model 450 scan ner w ith a 512 x 512 matri x, a scan time of 5 or 10 sec, and a sli ce thi c kn ess of 2 -10 mm . Of the 15 patients studied, nine had congen ital le sions (three adu lts, six chi ldren) and six had neoplastic disease (four adults, two children).
Results

Congenital Sacral Lesions
Congenital lesions were diagnosed as meningocele (case 1), lipoma (cases 2-4) , dermoid (cases 5 and 9), lipomeningoce le (case 6) , low conus , tethered cord (case 7), and lipoma, tethered cord (case 8). All but one of the six children in this group was strongly suspected of having a congenital lesion either because of a superficial dermal marker (hair tuft, hemangioma) or associated anomalies such as anal atresia. Of the adu lts, two of the three had hi stories strong ly suggestive of a congenital abnormality (cases 2 and 3), whil e one patient (case 1) was thought to have a neoplasm when first exam ined . All the patients with congenital lesions had varying degrees of spinal dysraphism on plain films. In two cases, the defect was minimal and not appreciated on the initial films , whil e in one case of adult meningocele the sacral deformity was believed to represent neoplasm. Bone scanning was not performed in any of the patients with congenital lesions. Myelography was performed in six patients, two with metrizamide and four w ith Pantopaque. A low conus with tethered cord was demonstrated in five patients; an associated lipoma was present in four and a dermoid in one . However, th e most informative study of the sacrum in all these patients was the high-reso lution CT scan.
All the congenital lesions demonstrated dorsal dysraphism with widening of the central sacral canal and sparing of th e sac ral foramin a. Th e four li pomas clearly displayed fat density ( fig. 1) wh il e the dermoids showed calc ium , fat , and soft-tissue density . In the patient with meningocele (case 1), CT demonstrated the widening of the ce ntral canal as well as extrusion of the meningocele into the buttock via a dorsal defect in the sac rum ( fig. 2A) . In add iti on, CT was able to 2B ). Only one pati ent rece ived intravenou s contrast material , because it was not be li eved to be helpful in delin eating c ongenital lesions of the sac rum . The on e patient who had an intravenous contrast study (case 9) had meningiti s and demonstrated minim al dural enh ance ment .
Neoplastic Sacral Lesions
Neopl asti c lesion s were di agnosed as neurofibroma (cases 10 and 11), chordom a (cases 12 and 13), Ewing sarcoma (case 14), and histiocytic lymphoma (case 15). Although all patients with tumors had abnormal plain films , th e lesions were not initially appreciated in three patients (one child and two adults) . The diagnosis was clarified in th e child because of a strong clinical suspicion leading to a tomogram, whi ch c learly visualized the lesion in the right sac ra l a la (case 14) ( fig . 3 ). Both the adults (cases 10 and 13) w ere thought to have disk disease. In fact, one patient (case 13) was operated on for a herniated disk, at which time his primary problem, chordoma , was discovered .
Five of these si x patients had Pantopaque myelograms, o and all were abnormal. Four patients had bone scans (cases 10, 12 , 14, and 16). The chordoma (case 12) and the sarcomas (cases 14 and 16) showed abnormal uptake, while the neurofibroma (case 10) showed a focal photondeficient area. High-resolution CT proved the most diagnostic study in all three cases.
Both neurofibromas showed sel ective uniform expansion of th e sac ral foramina with sparin g of th e sac ral ca nal (fi gs. 4 and 5) . In one pati ent , th e extrasac ral component of th e larg e neurofibroma was outlined in th e pelvis (fi g . 5C ). Th e two c hordom as sh owed extensive destruction of the bony sac rum with obliteration of th e bo ny landmarks , name ly foramina and sac ral ca nal (fi g. 6). Again , CT was abl e to demonstrate both th e ventral and dorsal soft-tiss ue co m- 3D ). The lymphosarcoma showed bony destruction of the lumbosac ral as well as iliac regions bilaterally . CT also demonstrated a large ventral soft-tissue compon ent ( fig . 7) . By demonstrating both bony and softtissue components . CT was the best means of delineating the true extent of these neop lasms.
Discussion
It is diffic ult to evaluate the sacrum using conventional rad iograp hy because of its dorsal curvature and norm al ove rlying bowel gas and fecal materi al. To compensate for thi s dorsal curvature. it has been recommended th at patients with suspected sacral problems have an anteroposterior (AP) sacral view with the x-ray tube angled 15°-20° cephalad. Thi s view will avoid foreshortening of the sacrum (fig.  4) . To ove rcome the problem of gas and feces. especially in ch ildren. an AP tomogram is necessary when the abnormality cannot be definitely established by th e plain film ( fig.  3 ). To further complicate the plain film evaluation of the sacrum. a variant on the lateral projection has been desc rib ed that appears as a sharply demarcated bony defect overlyin g th e first or second sacral vertebra [1] . Thi s vari ant represe nts the fossa c ribrosa. the site of penetration of blood vessels into the bone. and can be co nfused with neoplasms or intrasacral meningoceles. Lateral tomograms should be helpful in this instance [1] .
Myelography and bone scanning may further delineate a problematic are a in the sacrum. although not all sacral lesions will cause a myelographic defect or pick up radionuclide agents. The advent of high-resolution CT. however. has resolved these problems by providing a noninvasive means of accurately evaluating the sacrum [2] [3] [4] [5] . Therefore. once a sacral lesion has been established or strongly suggested by either clinical . plain film . or tomographic criteria. a high-resolution CT scan is the next procedure of choice.
Sacral lesions include congenital . neoplastic. metabolic . inflammatory. and traumatic processes. In evaluating the CT scan of the sacrum . it can be divided into four areas. sacral canal . sacral foramina. bony matri x. and perisacrai soft tissues. Analysis of the alteration of these various features enabled us to separate the congenital from neoplastic lesions in our series.
Th e congenital lesions showed varying degrees of spinal dysraphism with primary widening of the midline sacral canal. Determ ination of the CT numbers allowed distinction of fat. calc ium . and cerebrospinal fluid densities. In delineating the position of the conus. however. CT alone was not suffici ent . Here. myelography with either metrizamide or Pantopaque was necessary. In the congenital lesions . metrizamide was preferred because myelography can be combin ed with CT. and removal of the contrast fluid. more difficult and dangerous in low co nus situation s. is not nec-essary. Although complications have been reported with metrizamide, the more serious complications, namely , transient visual disturbance and paresis , are unusual. Furthermore, children and young adults seem less affected by metrizamide [6] [7] [8] .
It must be mentioned th at a study has been reported in the literature [9] stating th at wate r-soluble contrast agents such as metrizamide decrease the ability to recognize various intracanalicular tissues such as fat, fibrocartilage, and bone, and therefore , air myelography should be coupled with CT in evaluating lumbosac ral problems . Using the fourth-generation Pfizer 0450 scanner, it has not been difficult to distinguish fat or bone from metrizamide. Furthermore, it is often difficult to manipulate subarachnoid air into the exact area of interest.
With regard to neoplastic lesions of the sacrum, the efficacy of CT has previously been reported [10-1 2] . Depending on the results of the sacral scan, a decision as to the necessity of myelography can be made . Certain CT characteristics were believed to add specificity to the diagnosis. Both neurofibromas demonstrated primary expansion of the sacral foramina sparing the sacral canal. Since the sacral nerve roots exit through the foramina, this CT finding was considered diagnostic of a neoplastic nerve lesion such as neurofibroma, ganglioneuroma, or schwannoma (figs . 4 and 5) . Both chordomas revealed diffuse bone destruction with obliteration of the sacral canal and foramina ( fig . 6 ). In addition, both revealed large soft-tissue components both ventrally and dorsally on CT . The CT scan helped in the surgical approach as both cases were operated on in two stages , one using a ventral and one a dorsal approach, thus allowing maximal removal of the tumor. In the child with Ewing sarcoma, CT showed a bony abnormality in the superior part of the right sacrum with a small ventral softtissue component, as well as an intracanalicular extension at L5-S1 on the right ( fig . 3) . If there remains a question as to the extent of tumor involvement in the lower lumbar region , myelography can be perform ed . All the neoplasms in this series demonstrated extradural defects in the lower lumbar region while one patient with neurofibromatosis showed on myelography small neurofibromas in the lumbar and cervi cal region ( fig. 50) .
After the extent of the neoplasm has been documented with CT and myelography, follow-up CT provided a noninvasive method of evaluating residual tumor after surgery or the response of malignant lesions to radiation and / or chemotherapy.
From this experience we believe high-resolution tom ography is not only the most accurate evaluation of the sacrum, but analysis of th e alteration of the various sacral com ponents, canal, foramin a, bo ny matri x, and soft tissues adds spec ific ity to th e di ag nos is. All co ng enital lesions expand the ce ntral sac ral canal, while neop lasms involving an individual nerve root will expand the sacral foramina. Mali gnant neoplasms such as chordoma and sarcoma alter the bony matri x to varying degrees and frequently demonstrate associated soft-tissue masses.
Plain films of the sacrum, even with tomography , can be difficult to evalu ate and may not fully c larify the eti ology of the clinical problem. We beli eve that high-resolution CT should be performed in all patients with suspected sacral lesions where more co nventi onal plain film examin ation s do not provide the anatomic information necessary for definitive patient management.
